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Abstract
In this article, we review how strong dynamics can be efficiently employed as a viable alternative to 
study the mechanism of cosmic inflation. We examine single-field inflation in which the inflaton emerges 
as a bound state stemming from various strongly interacting field theories. We constrain the number of 
e-foldings for composite models of inflation in order to obtain a successful inflation. We study a set of 
cosmological parameters, e.g., the primordial spectral index ns and tensor-to-scalar ratio r , and confront 
the predicted results with the joint Planck data, and with the recent BICEP2 data.
© 2015 The Author. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
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1. Introduction
The underlying theory of inflation constitutes a cornerstone of the standard model of modern 
cosmology. By definition, it is the mechanism responsible for an early rapid expansion of our 
Universe which is supposed to take place in the very early time. So far, new scalar fields are 
traditionally used to describe two prominent physics problems, i.e., the origin of mass of all 
particle in the standard model and cosmic inflation [1–6]. However, the elementary scalar field in 
field theories is plagued by the so-called hierarchy problem. Commonly, this means that quantum 
corrections generate unprotected quadratic divergences which must be fine-tuned away if the 
models must be true till the Planck energy scale. Similarly the inflaton, the field needed to initiate 
a period of rapid expansion of our Universe, suffers from the same kind of untamed quantum 
corrections.
Therefore, finding its graceful exit is one of the great campaigns. Some of the compelling 
scenarios to solve/avoid the hierarchy problem are, for instance, Technicolor theory (TC) and 
Supersymmetry (SUSY). On the one hand, the main idea of TC is to introduce a new strongly 
coupled gauge theory in which Higgs sector of the SM is replaced by a composite field featuring 
only fermionic matter. On the other hand, one of the prominent motivations of SUSY is to balance 
the bosonic degrees of freedom with those of the fermionic ones. Here fermions and bosons have 
partners which will contribute with opposite signs and make the quantum corrections to the Higgs 
mass very small.
Recently, the claimed detection of the BICEP2 experiment on the primordial B-mode of cos-
mic microwave background polarization suggests that cosmic inflation possibly takes place at the 
energy around the grand unified theory scale given a constraint on the tensor-to-scalar ratio, i.e., 
r  0.20. Since then, a series of papers on model updates has been reviving by this new results. 
Theses recent efforts include the Higgs-related inflationary scenarios [7–15], several paradigms 
of chaotic inflation [16,17], some interesting analyses related to supersymmetry [18,19], and 
other compelling scenarios [20–40].
Nevertheless, the situation is still controversial since some serious criticisms to the BICEP2 
results appeared in the literature, e.g., [42]. Furthermore, the Planck Collaboration has very re-
cently released the data concerning the polarized dust emission [41], while some attempts making 
a joint analysis of Planck and BICEP2 data have been publicized (see, for example, [42,43]). 
However, the recent improvement yields the value of r lower than the one initially claimed by 
Ref. [72].
Having anticipated to solve the cosmological “hierarchy problem” in the scalar sector of the 
inflation, the authors of [55,57,63,70] have posted the compelling assumption that the inflaton 
needs not be an elementary degree of freedom called the “composite inflaton” and remarkably 
showed that the energy scale of inflation driven by composite inflaton is around the GUT energy 
scale [55,57,63]. Moreover, there has been shown that the composite models of inflation nicely 
respect tree-level unitarity for the scattering of the inflaton field all the way to the Planck en-
ergy scale [57,63] and some efforts have already implemented to study on their phenomenology 
[66–68].
Here we will review how strong dynamics can be efficiently used as a viable alternative to 
study the mechanism of cosmic inflation. We will survey various models of composite inflation 
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which examine the background evolutions allowing us to lay out the setup for a generic model 
of inflation. In Section 3 of this review, we will demonstrate how to obtain relevant inflationary 
parameters, i.e., ns , r and As , for composite models. In Section 4 of this review, we will compute 
the power spectra for the curvature perturbations by using the usual slow-roll approximations and 
constrain the model parameters of various composite inflationary models using the observational 
data from Planck and recent BICEP2 observations. The results and some outlooks for this review 
are made in the Section 5 of this review. Finally, we will survey of some interesting consequences 
of inflation which can be further examined with regard to the composite models of inflation.
2. Composite setup and background evolutions
In this section, we will start by laying out the setup for a generic models of composite infla-
tion. We aim to derive equations of motion to figure out background evolutions and to obtain 
inflationary expressions. In so doing, we introduce the action for composite models in the Jordan 
frame (J) in which the inflaton non-minimally couples to gravity taking the form for scalar-tensor 
theory of gravity as [66]
SJ =
∫
d4x
√−g
[
M2P
2
F(Φ)R − 1
2
G(Φ)gμν∂μΦ∂νΦ − V (Φ)
]
. (1)
Here F(Φ) and G(Φ) in this action are functions of the field Φ and can be written as
F(Φ) = 1 + ξ
M2P
Φ2/D and G(Φ) = 1
D2
G0Φ
(2−2D)/D, (2)
where the composite field Φ has mass dimension D. In the following calculations, we will set 
M2P = 1. The non-minimal coupling to gravity is controlled by the dimensionless coupling ξ . 
Here we introduce a constant G0 and 1/D2 for later convenience. However, the action under our 
consideration can practically written in the standard form of the scalar-tensor theory of gravity. 
To this end, we just redefine the field and write the potential in the form
V (Φ) = Φ4/Df (Φ) with Φ ≡ ϕD, (3)
where the field ϕ possesses a unity canonical dimension and f (Φ) can be in general a function 
of the field Φ . At first glance, the non-minimal term ξΦ2/DR/M2P has purely phenomenological 
origin. It was examined in [44–49] that with ξ of the order 104 the model can produce the 
spectrum of primordial fluctuation in good agreement with observations. In other words, we can 
revoke the unacceptable large amplitude of the primordial power spectrum if one takes ξ = 0 or 
smaller than O(104). According to the above action, the Friedmann equation and the evolution 
equations for the background field are respectively given by
3FH 2 + 3F˙H = 3H 2F(1 + 2Ft ) = 12GΦ˙
2 + V (Φ), (4)
3FH 2 + 2F˙H + 2FH˙ + F¨ = −1
2
GΦ˙2 + V (Φ), (5)
GΦ¨ + 3HGΦ˙ + 1GΦΦ˙2 + VΦ = 3FΦ
(
H˙ + 2H 2), (6)2
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respect to Φ , and the dot represents derivative with respect to time, t . In order to derive the 
observables, it is common to apply the standard slow-roll approximations such that
|Φ¨/Φ˙|  H, |Φ˙/Φ|  H and |GΦ˙2/2|  V (Φ). (7)
It is more convenient to work in the Einstein frame (E) instead of the Jordan one. However, the 
Einstein and Jordan frame are equivalent and related by a conformal transformation of the metric, 
which amounts to rescaling all length scales. In our presentation below, we will first derive some 
inflationary parameters in the Einstein frame and then transform to the Jordan one in order to 
figure out the relation between two frames.
3. Inflationary observables
The non-minimal coupling between a scalar field and the Ricci scalar may be diagonalized 
to the minimally coupled system in which the system can basically transformed to the GR form 
of the action. This approach is well-known as the Einstein frame and is equivalent to the Jordan 
frame analysis at the classical level. However, it is often more convenient to perform calculations 
in Einstein frame. Regarding to the frames, there have been some interesting discussions about 
the Jordan and Einstein frames, see for example [58–61]. By performing a conformal transfor-
mation, we take the following replacement:
gμν −→ g˜μν = F(Φ)gμν. (8)
With the above rescaling replacement, we obtain the action in Eq. (1) transformed into the new 
frame – the Einstein frame – as
SE =
∫
d4x
√−g˜
[
M2P
2
R˜ − 1
2
∂μχ∂
μχ − U(χ)
]
, (9)
where g˜ and R˜ are basically computed from g˜μν ; “tildes” represent the quantities in the Einstein 
frame, and
∂Φ
∂χ
= F√
GF + 3F 2Φ/2
and U(χ) = V (Φ)
F 2(Φ)
∣∣∣∣
Φ=Φ(χ)
, (10)
where the subscript denotes a derivative with respect to Φ . We can reexpress inflationary param-
eters and all relevant quantities in terms of the field χ if we solve
χ ≡
∫ √GF + 3F 2Φ/2
F
dΦ. (11)
Using the expression for the slow-roll parameter in the Einstein frame, ˜, such that
˜ = 1
2
(
1
U
∂U
∂χ
)2
, (12)
we can simply obtain the relation between that of two frames, and we see that
˜ = 1
(
F 2 ∂Φ ∂
(
V
2
))2
=  +Ft , (13)2 V ∂χ ∂Φ F
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(VΦ/V )(F/FΦ)Ft ; and the dot denotes a derivative with respect to time, t . It is well known 
that the power spectrum for the scalar perturbation generated from inflaton field χ in the Ein-
stein frame is given by
Pζ  U24π2˜
∣∣∣∣
k|τ |=1
, (14)
where the above expression is evaluated at the conformal time τ when the perturbation with wave 
number k exits the horizon and the tensor-to-scalar ratio is
r  16˜. (15)
Since the power spectra are frame independent, we can use Eq. (13) to write the power spectrum 
in Eq. (14) and the tensor-to-scalar ratio in Eq. (15) in terms of the Jordan frame parameters as
Pζ  V24π2F( +Ft )
∣∣∣∣
k|τ |=1
, (16)
r  16( +Ft ). (17)
Here, it is convenient (although tricky) to use the results in the Einstein frame, and then we 
transform the quantities in the Einstein frame into the Jordan one. It is noticed that one obtains 
the relation between two frames: ˜ ⇔ +Ft . Having computed the field Φ at the end of inflation 
Φe by using the condition (Φe) = 1, one can determine the number of e-foldings via
N (Φ) =
Φe∫
Φ
H
˙˜
Φ
dΦ˜ =
Φe∫
Φ
1
Φ˜ ′
dΦ˜, (18)
where the subscript “e” denotes the evaluation at the end of inflation and Φ ′ is given by
Φ ′ = 1
(1 + 3F 2Φ2FG)
(
2
FΦ
G
− VΦ
V
F
G
)
. (19)
Here, we have used the Friedmann equation and the evolution equations for the background field 
(Eqs. (4)–(6)) and apply the standard slow-roll approximations (Eq. (7)). Determining the value 
of Φ and Φ ′ when the perturbations exit the horizon allows us to compute the spectral index and 
the amplitude of the power spectrum in terms of the number of e-foldings. The spectral index for 
this power spectrum can be computed via
ns = d lnPζ
d ln k
+ 1  1 − 2 − 2Ft −Φ ′ d ln( +Ft )
dΦ
. (20)
The amplitude of the curvature perturbation can be directly read from the power spectrum and 
we find
As ≡ log
[|ζ |2 × 1010] log
[
V × 1010
24π2F 2( +Ft )
]
csk|τ |=1
. (21)
It is noticed from Eqs. (20) and (21) that the spectral index and the amplitude of the curvature 
perturbation in the Einstein frame respectively reads
ns = 1 − 6˜ + 2η˜ +O
(
˜η˜, ˜2, η˜2
)
with η˜ ≡ 1 ∂
2U
2 , (22)U ∂χ
434 P. Channuie / Nuclear Physics B 892 (2015) 429–448where η˜ is the second slow-roll parameter, and
As ≡ log
[|ζ |2 × 1010] log
[
U × 1010
24π2¯
]
csk|τ |=1
, (23)
where the last bit of Eq. (22) represents the contributions from the second order of inflationary 
(slow-roll) parameters. It is noticed that the background fields are time-dependent. In order to 
trust the effective theory during inflation, we need to examine the composite scale compared 
with the Hubble scale. In so doing, it is convenient to work in the Einstein frame, and we write 
the Hubble parameter as [50]
H ≡ a˙/a  √U/MP, (24)
where U is the potential in the Einstein frame. To be more explicit, we have reinserted the Planck 
constant to the above expression. Here, we also have imposed the slow-roll approximation to 
Eq. (4). In the next section, we will examine single-field inflationary models in which the inflaton 
is a composite state stemming from various four-dimensional strongly coupled theories.
4. Theoretical predictions and observational constraints
In this section, we compute the power spectra for the curvature perturbations by using the 
usual slow-roll approximations. We will constrain the model parameters of various composite 
inflationary models using the observational bound for ns and r from Planck and recent BICEP2 
observations, and use As from Planck data.
4.1. Composite inflation from technicolor
The underlying gauge theory for the technicolor-inspired inflation is the SU(N) gauge group 
with Nf = 2 Dirac massless fermions. The two technifermions transform according to the ad-
joint representation of SU(2) technicolor (TC) gauge group, called SU(2)TC. Here we engaged 
the simplest models of technicolor known as the minimal walking technicolor (MWT) theory 
[51–54] with the standard (slow-roll) inflationary paradigm as a template for composite inflation 
and name it, in short, the MCI model. In order to examine the symmetry properties of the theory, 
we arrange them by using the Weyl basis into a column vector, and the field contents in this case 
are
Qa =
⎛
⎜⎜⎝
UaL
DaL
−iσ 2U∗aR
−iσ 2D∗aR
⎞
⎟⎟⎠ , (25)
where UL and DL are the left-handed techniup and technidown respectively, and UR and DR
are the corresponding right-handed particles and the upper index a = 1, 2, 3 is the TC index 
indicating the three dimensional adjoint representation. Since the Q is four component, the tech-
nifermion fields are said to be in the fundamental representation of SU(4). With the standard 
breaking to the maximal diagonal subgroup, the SU(4) global symmetry spontaneously breaks to 
SO(4). Such a breaking is driven by the formation of the following condensate:
〈QαQβαβE ij 〉= −2〈U¯RUL + D¯RDL〉, (26)i j
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spin. The 4 × 4 matrix E ij is defined in terms of the 2-dimensional identical matrix, 1, as
E =
(
0 1
1 0
)
, (27)
with, for example, αβ = −iσ 2αβ and 〈UαLU∗βR αβ〉 = −〈U¯RUL〉. The connection between the 
composite scalar fields and the underlying technifermions can be obtained from the transforma-
tion properties of SU(4). To this end, we observe that the elements of the matrix M transform 
like technifermion bilinears such that
Mij ∼Qαi Qβj αβ with i, j = 1, . . . ,4. (28)
The composite action can be built in terms of the matrix M in the Jordan frame as [55]
SMCI,J =
∫
d4x
√−g
[
M2P
2
R + 1
2
ξ Tr
[MM†]R +LMWT
]
, (29)
where LMWT is the Lagrangian density of the MWT sector, see [55] for more details. The 
details of this sector are not relevant for the present discussion. From the above action, the non-
minimally coupled term corresponds at the fundamental level to a four-fermion interaction term 
coupled to the Ricci scalar in the following way:
1
2
ξ Tr
[MM†]R = 1
2
ξ
(QQ)†QQ
Λ4Ex.
R, (30)
where ΛEx. is a new high energy scale in which this operator generates. Here the non-minimal 
coupling is added at the fundamental level showing that the non-minimal coupling is well 
motivated at the level of the fundamental description. However, an instructive analysis of the 
generated coupling of a composite scalar field to gravity has been initiated in the Nambu–Jona-
Lasinio (NJL) model [56]. With this regard, the non-minimal coupling apparently seems rather 
natural. Using the renormalization group equation for the chiral condensate, we find
〈QQ〉ΛEx. ∼
(
ΛEx.
ΛMCI
)γ
〈QQ〉ΛMCI, (31)
where the subscripts indicate the energy scale at which the corresponding operators are evalu-
ated, and basically ΛEx.  ΛMCI. If we assume the fixed value of γ is around two the explicit 
dependence on the higher energy ΛEx. disappears. This is since we have M ∼ 〈QQ〉ΛMCI/Λ2MCI. 
According to this model at the effective description, the relevant effective theory consisting of a 
composite inflaton (ϕ) and its pseudo scalar partner (Θ), as well as nine pseudo scalar Goldstone 
bosons (ΠA) and their scalar partners (Π˜A) can be assembled in the matrix form such that
M=
[
ϕ + iΘ
2
+ √2(iΠA + Π˜A)XA
]
E, (32)
where XAs, A = 1, . . . , 9, are the generators of the SU(4) gauge group which do not leave the 
vacuum expectation value (vev) of M invariant, i.e. 〈M〉 = vE/2, v ≡ 〈ϕ〉. Here the (composite) 
scale of theory is identified by ΛMCI = 4πv, with v the scale of (new) fermion condensate, 
implying that ΛEx.  4πv. In this model, the composite inflaton is the lightest state ϕ, and the 
remaining composite fields are massive. This provides a sensible possibility to consider the ϕ
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by [55]:
SMCI =
∫
d4x
√−g
[
1 + ξϕ2
2
R − 1
2
gμν∂μϕ∂νϕ + m
2
2
ϕ2 − κ
4
ϕ4
]
, (33)
in which κ is a self coupling and the inflaton mass is m2TI = 2m2. In the Einstein frame, the 
transformed potential reads
U(ϕ) = κ
4
M4P
ξ2
(
1 + M
2
P
ξϕ2
)−2(
1 − 2m
2
κ
ϕ−2
)
 κ
4
M4P
ξ2
(
1 + M
2
P
ξϕ2
)−2
, (34)
where we have worked in the large field region in which the inflaton is far from its minimum, i.e. √
m2/κ . In the large ξ limit, we obtain ns , r and |ζ |2 in terms of N as
ns  1 − 83ϕ2ξ +O
(
1/ξ2
) 1 − 2N , (35)
r  64
3ϕ4ξ2
− 32
9ϕ4ξ3
+O(1/ξ4) 12N 2 , (36)
|ζ |2  κϕ
4
128π2
+ κ(−12ϕ
2 + ϕ4)
768π2ξ
+O(1/ξ2) κN 2
72π2ξ2
. (37)
Notice that the above relations lead to the consistency relation, allowing us to write
r  6N (1 − ns). (38)
In this model with κ ∼O(1), the amplitude As is well consistent with the Planck data up to 2σ
CL for N = 60 and 4.7 × 104  ξ  5.0 × 104, for instance, illustrated in Fig. 1. However, As
does strongly depend on N , and thus the coupling can be lowered (or raised) if N changes. We 
also find for ξ  1 that the predictions lie well inside the joint 68% CL for the Planck + WP +
highL data for N = [40, 60], whilst for N = 60 this model lies on the boundary of 1σ region 
of the Planck + WP + highL data (the top panel of Fig. 2). However, with ξ  1, the model 
predictions is in tension with the recent BICEP2 contours (the bottom panel of Fig. 2). This is 
so since the model predictions yield quite small values of r . Concretely, the model predicts  ∼
1/N 2 which no longer holds in light of the BICEPS results for r = 16 such that r = 0.2+0.07−0.05. 
Nevertheless, this tension can be relaxed if ξ is very small, i.e. ξ ∼ 10−3. If this is the case, 
As cannot satisfy the Planck data unless κ gets extremely small, i.e. κ ∼ 10−13. Unfortunately, 
the prediction with very small κ is opposed to the underlying theory. This model predicts ns 
0.960 and r  0.0048 for N = 50 with ξ  1. Likewise, the Higgs inflation is also in tension 
with the recent BICEP2 data.
We will complete our discussion in this section by naively clarifying the scales of the theory. 
It was mentioned in [55] that the effective theory for composite inflation cannot be utilized for 
arbitrary large value of the scalar field, but it rather has some cut-off scale above which the theory 
is no longer valid. In other words, the theory may in principle produce cross sections that violate 
unitarity. For MCI, the breakdown of the effective Lagrangian happens at ΛMCI = 4πv. To make 
sure that the effective theory is valid, we impose the condition for which ϕ < 4πv.
Having imposed the initial value of the inflaton field, ϕini ∼ 9MP/√ξ , it implies that v ∼
(0.81–4.07) × 1016 GeV. This scale is close to the typical grand unification (GUT) scale. The 
lower bound on the scale of composite inflation arises from having assumed the effective theory 
P. Channuie / Nuclear Physics B 892 (2015) 429–448 437Fig. 1. The plot shows the relation between the amplitude of the power spectrum As and the non-minimal coupling ξ
within a range of 10−3  ξ  106 for N = 50, 60 predicted by the MCI model. The horizontal bands represent the 1σ
(yellow) and 2σ (purple) CL for As obtained from Planck. (For interpretation of the references to color in this figure 
legend, the reader is referred to the web version of this article.)
to be valid during the inflationary period. The authors of [55] have also determined the value 
of the inflaton field at the end of inflation and found that ϕend ∼ MP/√ξ . The constraint on v
forbids the identification of the composite inflaton with the composite Higgs. From Eq. (24), 
we can determine the Hubble parameter during inflation and roughly find that H  MP/ξ ∼
O(1014) GeV. Apparently, the Hubble scale during inflation is less than all scales we have in this 
model ensuring the applicability of the effective theory during inflation.
4.2. Composite inflation from pure Yang–Mills theory
The underlying gauge theory for glueball inflation is the pure SU(N) Yang–Mills gauge the-
ory. The inflaton in this case is the interpolating field describing the lightest glueball. In the 
same manner with the preceding section, the connection between the composite field and the 
underlying fundamental description can be also obtained. In this case, the inflaton field is
Φ = β
g
Tr
[GμνGμν], (39)
where Gμν is the standard non-Abelian field strength, β is the full beta function of the theory 
in any renormalization scheme, and g is the gauge coupling. We can also demonstrate that the 
fundamental degrees of freedom are naturally non-minimally coupled to gravity, and features the 
description at the fundamental level. In doing so, we introduce the non-minimal coupling term 
as follows:
438 P. Channuie / Nuclear Physics B 892 (2015) 429–448Fig. 2. The contours show the resulting 68% and 95% confidence regions for the tensor-to-scalar ratio r and the scalar 
spectral index ns . Top: The red contours are for the Planck + WP + highL data combination, while the blue ones display 
the BICEP2 constraints on r [72]. Bottom: The figure shows the results from Planck plus various ancillary sets of data 
[71]. The plots also show the analytical and numerical predictions given by the MCI model. (For interpretation of the 
references to color in this figure legend, the reader is referred to the web version of this article.)
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(
β
g
Tr
[GμνGμν]
)1/2
R ≡ ξΦ1/2R, (40)
where the ξ is a dimensionless quantity. Here, together with the preceding section, we have ex-
plicitly explained how the introduction of the non-minimal coupling is motivated in a natural 
way with the underlying fundamental descriptions. In this case, the inflaton emerges as the inter-
polating field describing the lightest glueball associated to a pure Yang–Mills theory. It is worthy 
to note here that the theory we are using describes the ground state of pure Yang–Mills theory, 
and of course is not the simple φ4 theory. For this model, we have
f (ϕ) = 2 ln(ϕ/Λ), (41)
where the glueball condensate scale is parametrized by Λ. So the effective Lagrangian for the 
lightest glueball state, constrained by the Yang–Mills trace anomaly, non-minimally coupled to 
gravity in the Jordan frame reads [57]
SGB =
∫
d4x
√−g
[
F(ϕ)
2
R − 16gμν∂μϕ∂νϕ − 2ϕ4 ln(ϕ/Λ)
]
. (42)
Here we call it, in brief, the GB model. Also the modified version of this model has been consid-
ered in [69]. In this work, we consider only the large ξ limit and find for this case
N  3(ln2(ϕ/Λ)− ln2(ϕe/Λ))+O(1/ξ). (43)
Here, we can write ϕ in terms of N and use Eqs. (20), (17), and (21) to write ns , r , and |ζ |2 in 
terms of N . Finally, we obtain for a large ξ limit [66]
ns  1 − 32N +O(ξ), (44)
r  4N +O(ξ), (45)
|ζ |2  N
3/2
3
√
3π2ξ2
+O(1/ξ3). (46)
Notice that the above relations lead to the consistency relation, allowing us to write
r  8
3
(1 − ns). (47)
We discover that As is well consistent with the Planck data up to 2σ CL for N = 60 with 
7.3 ×104  ξ  7.5 ×104, illustrated in Fig. 3. However, As does strongly depend on the number 
of e-foldings implying that the coupling can be lowered (or raised) with changing N . This model 
provides ns  0.967 and r  0.089 for N = 45 with ξ  1.
From the above estimations, we see that when ξ  1, ns , r , and |ζ |2 can satisfy the 95% 
CL observational bound from Planck data for 50 < N < 60 and ξ ∼ 104; see Figs. 3 and 4. 
Nevertheless, for such range of N , r lies outside the 2σ CL with BICEP2 results shown in Fig. 4. 
The value of r will increase and then satisfy the bound from BICEP2 results when N  45. 
However, it is obvious that N is a model-dependent quantity. However, it is quite subtle if we 
have N  45 for models of inflation to be viable. This is so since, in order to solve the horizon 
problem, in the common formulation one frequently uses at least N ⊂ [50, 60]. We anticipate this 
can be further verified by studying the reheating effect. The compatibility between our analytical 
and numerical results of this model is illustrated in Fig. 4.
440 P. Channuie / Nuclear Physics B 892 (2015) 429–448Fig. 3. The plot shows the relation between the amplitude of the power spectrum As and the non-minimal coupling ξ
with 10−3  ξ  106 for N = 50, 60 predicted by the GB model. The horizontal bands represent the 1σ (yellow) and 2σ
(purple) CL for As obtained from Planck. (For interpretation of the references to color in this figure legend, the reader is 
referred to the web version of this article.)
We will complete our discussion in this section by naively clarifying the scales of the theory. 
As we have seen for the MCI, the effective description of this model would also break down 
at some energy scale. It was found in [57] that it is associated with the typical scale for grand 
unification, Λ > MP/
√
ξ ∼ a few ×O(1016) GeV, in complete agreement with the first model 
we have earlier mentioned. Here we can trust the effective description up to scales of this or-
der.
First principle lattice simulations have shown that the fundamental Lagrangian for the pure 
SU(N) Yang–Mills gauge theory confines at the scale identifiable with Λ of the glueball theory. 
With the result given in [66], i.e. ϕini ∼ 88Λ, it was implied that the fundamental description can 
be used in the perturbative regime to describe the dynamics of the theory at energy scales of the 
order of 100Λ and above. For energies below this scale and to describe the vacuum properties of 
the theory, the effective potential utilized in this presentation works.
Since the standard model couplings are weak at the unification point, whilst the inflationary 
model is still strongly coupled at this scale (now identified with Λ). this feature allows us to 
decouple the contributions of the SM from inflationary theory and ensures that the action formu-
lating inflation does not include any contributions from the SM. For this model, we show that 
inflation starts at energy scales just below or near the energy scales above which the underlying 
gauge dynamic is perturbative and expect the perturbative dynamic of the gauge theory to set in 
before arriving at the Planck scale.
From Eq. (24), we can determine the Hubble parameter during inflation and roughly find that 
H MP/ξ ∼O(1014) GeV. Apparently, the Hubble scale during inflation is less than all scales 
we have in this model ensuring the validity of the effective theory during inflation.
P. Channuie / Nuclear Physics B 892 (2015) 429–448 441Fig. 4. The contours show the resulting 68% and 95% confidence regions for the tensor-to-scalar ratio r and the scalar 
spectral index ns . Top: The red contours are for the Planck + WP + highL data combination, while the blue ones display 
the BICEP2 constraints on r [72]. Bottom: The figure shows the results from Planck plus various ancillary sets of data 
[71]. The plots also show the analytical and numerical predictions given by the GB model. (For interpretation of the 
references to color in this figure legend, the reader is referred to the web version of this article.)
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The underlying gauge theory of this model is initiated in [62] based on the following con-
siderations. Let us consider the pure N = 1 supersymmetric Yang–Mills (SYM) gauge theory 
proposed by suitably modifying that of the ordinary QCD. The theory we are considering is the 
SU(Nc) gauge group featuring a one flavor (Nf = 1) gauge group with Weyl fermions in the 
adjoint representation. The Lagrangian can be written as
LSYM = −14G
a
μνGa,μν +
i
2
λ¯a,α/Dabλ
b
α + . . . , (48)
where α is an ordinary spin, a = 1, . . . , N2c − 1, λa is the spinor field and Gaμν , /Dab are the usual 
Yang–Mills strength tensor and a covariant derivative, respectively. The dots in principle rep-
resent “gauge fixing, ghost terms and auxiliary fields” of those are not relevant for our current 
discussion. This theory is supersymmetric of an arbitrary Nc. If a strongly interacting regime 
takes place, the spinor fields (gluon fields) do condensate into a composite field, called super-
glueball, which will be identified as the inflaton Φ in this case. The precise form of the inflaton 
field is prior given in [63] such that Φ = −3λa,αλaα/64π2Nc. As examined in the previous two 
examples, the fundamental degrees of freedom are naturally non-minimally coupled to gravity, 
and features the description at the fundamental level. We start with the introduction of the non-
minimal coupling term as follows:
N2c
2
ξ
(−3λa,αλaα
64π2Nc
)2/3
R ≡ N
2
c ξΦ
2/3R
2
. (49)
Again, the ξ is the dimensionless coupling. We have just demonstrated how the introduction 
of the non-minimal coupling is motivated in a natural way with the underlying fundamental 
descriptions. According to this model, the inflaton is designed to be the gluino-ball state in the 
super-Yang–Mills theory. For this model, we have
f (ϕ) = 4αN2c ln2(ϕ/Λ), (50)
where the gluino condensate is parametrized by Λ and we find in [63] that Λ3 =
(9/32π2)Λ3SUSY, YM. As it is always investigated in standard fashion, we take the scalar com-
ponent part of the super-glueball action and coupled it non-minimally to gravity. Focusing only 
on the modulus of the inflaton field and taking the next step in order to write the non-minimally 
coupled scalar component part of the super-glueball action to gravity, the resulting action in the 
Jordan frame reads [66]
SsGB =
∫
d4x
√−g
[
F(ϕ)
2
R − 9N
2
c
2α
gμν∂μϕ∂νϕ − 4αN2c ϕ4
(
ln[ϕ/Λ])2
]
, (51)
with Nc a number of colors, and α an Nc-independent quantity. Here we call it, in brief, the 
sGB model. Using the similar approximations to those of the above consideration, the number of 
e-foldings for this inflation model in the large ξ limit is approximately given by
N  3
2
(
ln2(ϕ/Λ)− ln2(ϕe/Λ)
)+O(1/ξ). (52)
Regarding to the above relations between the number of e-foldings and ϕ, we can write ns , r and 
|ζ |2 in terms of N for a large ξ limit to yield
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with 10−3  ξ  106 for N = 50, 60 predicted by the sGB model. The horizontal bands represent the 1σ (yellow) and 
2σ (purple) CL for As obtained from Planck. (For interpretation of the references to color in this figure legend, the reader 
is referred to the web version of this article.)
ns  1 − 2N +O(1/ξ), (53)
r  8N +O(1/ξ), (54)
|ζ |2  2αN
2
81N2c π2ξ2
+O(1/ξ3). (55)
The consistency relation of the above relations reads
r  4(1 − ns). (56)
We discover that the predictions of this model are fully consistent with BICEP2 constraints for 
N ⊆ [50, 60]. Moreover, the model can also be consistent with the Planck contours at 1σ CL. We 
discover that As is well consistent with the Planck data up to 2σ CL for N = 50 and Nc = 3 with 
9.2 × 104  ξ  9.5 × 104, illustrated in Fig. 5. This model provides ns  0.960 and r  0.16
for N = 50 with ξ  1, see Fig. 6. Here we can use the BICEP2 results to constrain ΛSgbI since 
the data provides us the lower bound on r . According to the recent BICEP2 data, we roughly opt 
r  0.12 and use Nc = 1(3) predicting ΛsGB > 10−3(10−4) which corresponds to, at least, the 
GUT energy scale in this investigation, in order to satisfy the BICEP2 data at 1σ CL. We hope 
that the future observations will provide significant examination for this model.
We will complete our discussion in this section by naively clarifying the scales of the theory. 
As we have seen for the MCI, the effective description of this model would also break down at 
some energy scale. It was found in [63] that Λ ∼ (0.57/√Nc)MP/√ξ . This value is not only 
444 P. Channuie / Nuclear Physics B 892 (2015) 429–448Fig. 6. The contours show the resulting 68% and 95% confidence regions for the tensor-to-scalar ratio r , the scalar 
spectral index ns and Nc = 1. Top: The red contours are for the Planck + WP + highL data combination, while the blue 
ones display the BICEP2 constraints on r [72]. Bottom: The figure shows the results from Planck plus various ancillary 
sets of data [71]. The plots also show the analytical and numerical predictions given by the sGB model. (For interpretation 
of the references to color in this figure legend, the reader is referred to the web version of this article.)
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composite inflation by increasing the number of underlying colors, Nc.
With the result given in [63], i.e. ϕini ∼ 570Λ, we expect that the fundamental description can 
be used in the perturbative regime to describe the dynamics of the theory at energy scales of the 
order of 600Λ and above. For energies below this scale and to describe the vacuum properties of 
the theory, the effective potential utilized in this presentation works.
Since the standard model couplings are weak at the unification point, whilst the inflationary 
model is still strongly coupled at this scale (now identified with Λ). this feature allows us to 
decouple the contributions of the SM from inflationary theory and ensures that the action formu-
lating inflation does not include any contributions from the SM. For this model, we show that 
inflation starts at energy scales just below or near the energy scales above which the underlying 
gauge dynamic is perturbative and expect the perturbative dynamic of the gauge theory to set in 
before arriving at the Planck scale.
From Eq. (24), we can determine the Hubble parameter during inflation and roughly find that 
H MP/ξ ∼O(1014) GeV. Apparently, the Hubble scale during inflation is less than all scales 
we have in this model ensuring the validity of the effective theory during inflation.
4.4. Composite inflation from orientifold theory
The authors of [63] examined the supersymmetric low-energy effective action to study infla-
tion driven by the gauge dynamics of SU(N) gauge theories adding one Dirac fermion in either 
the two-index antisymmetric or symmetric representation of the gauge group. Such theories are 
known as orientifold theories [64]. Here the gluino field of supersymmetric gluodynamics is re-
placed by two Weyl fields which can be formed as one Dirac spinor. The background framework 
of this model is to slightly deform an effective Lagrangian for the pure N = 1 supersymmetric 
Yang–Mills theory derived in [65]. For investigating the inflationary scenario, we write the ac-
tion by using the real part of the field ϕ in which the orientifold sector non-minimally coupled to 
gravity in the Jordan frame [63]
SOI, J ⊃
∫
d4x
√−g
[
−F(ϕ)
2
R − 9F(Nc)
α
gμν∂μϕ∂νϕ − 4αF(Nc)ϕ4
(
ln(ϕ/Λ)2 − γ )
]
,
(57)
where F(ϕ) = 1 + N2c ξϕ2, F(Nc) = N2c (1 +O(1/Nc)), γ = 1/9Nc +O(1/N2c ) and hereafter 
we will keep only leading order in 1/Nc. However, we can impose the conformal transformation 
and then find the resulting action in the Einstein frame
SOI, E ⊃
∫
d4x
√−g
[
−M
2
P
2
R − 1
2
gμν∂μχ∂νχ − 4αF(Nc)
N4c
M4P
ξ2
[
ln(ϕ/Λ)2 − γ ]
]
, (58)
with Nc being a number of colors. Note that at large-Nc the theory features certain super-Yang–
Mills properties, i.e. F(Nc) → N2c . With this limit, the transformed potential reduces to that of 
Section 4.3. With the large field limit, we can derive the following slow-roll parameter in terms 
of the number of e-foldings as
ns = 1 − 6 + 2η  1 − 2N
(
1 + 9γ
2N
)
, r = 16  8N
(
1 + 3γN
)
. (59)
Notice that for large Nc the observables given above features the super-Yang–Mills inflation 
since γ → 0. We will complete our discussion in this section by naively clarifying the scales of 
446 P. Channuie / Nuclear Physics B 892 (2015) 429–448the theory. Recall that the underlying theory of this model is just a deformation of the previous 
one. For this model, it was found in [63] that the typical scale of Λ is also the typical scale 
for grand unification. However, such a scale in this model contains additional modifications due 
to the presence of small parameters which are inversely promotional to the number of under-
lying colors. However, such contributions are negligible compared with the scales themselves. 
Also the Hubble scale during inflation is less than all scales we have in this model ensuring the 
applicability of the effective theory during inflation.
5. Conclusions
In this work, we have reviewed single-field (slow-roll) inflation in which the inflaton is a 
composite field stemming from various strongly interacting field theories. In this review, we 
have also outlined the existing constraints of the number of e-foldings for composite models of 
inflation in order to obtain a successful inflation. The investigations in [66–68] showed that the 
predicted results, which include a set of cosmological parameters, e.g., the primordial spectral 
index ns and tensor-to-scalar ratio r , are consistent with the joint Planck data, and with the recent 
BICEP2 data.
However, there are some other relevant investigations for successful models of inflation. The-
ses include the (p)reheating mechanism, see [73] for example. The basic idea of (p)reheating 
after inflation is that the inflaton field oscillates near the minimum of its potential and produces 
elementary particles constituting the bulk of the visible matter in the universe. Even now, how-
ever, the underlying nature of the mechanism of (p)reheating is still unclear. Therefore, it would 
be of great interests to examine such effects along the line of composite inflationary paradigms 
present this work.
Rather interestingly, for instance, the author of [74] studied the consequent of inflation as 
seed of the present intergalactic magnetic field. However, the author claimed that the results 
after making a number of simplifying approximations should be considered to be preliminary. 
Therefore, it is very interesting to study the mechanism for generating an intergalactic magnetic 
field based on the composite inflationary manners.
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